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Overview

dSome examples of observed climate change.

e Has it warmed?
 Observations and models.

e Has precipitation changed?
 Have extreme events changed?

JHow confident are we In these results?

e Data and Observational Issues that can lead to
uncertainties




Experimental Land & Ocean Blend

Global Mean Temperature over Land & Ocean

Preliminary: New NOAA Surface Temperatures
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* No one year definitively warmest on record

Anomaly (°C) relative to 1961-90

« Sampling, Random and Bias Errors analyzed to aséim
uncertainty in annual anomalies

— Sampling and Random Errors decrease with timealueproved
coverage and better instruments and measuremémidees




Trend in Annual TMEAN, 1901 to 2004
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US Temperatures

e 2005 Annual Temperature
13 warmest on record

e 17 of past 20 years warmer
than average

Alaska Statewide Temperature

Jan-Dec 2005
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Alaska: 6th warmest
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 \WWhat about the difference between surface
and tropospheric warming?

— Old: satellites show little or no warming
of the lower troposphere, while surface
warms.

— New: satellites and weather balloon
observations of troposphere and surface
temperatures now much closer, both
show warming.




Lower Troposphere
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Record Low Arctic Sea Ice Extent

 Largest temperature )
anomalies in high
atitudes of Northern i
Hemisphere

* Reflecting this warmth ;..
was a record low arctic ..
sea ice extent In

<75

7

E xtent (million sq km)

September 51978 19I83 19I88 19|93 19l98 2ulu3 -

e 8% / Decade decline In
end-of-summer sea ice September Arctic Sea Ice Extent
since 1979 Provided by NSIDC




N. Hem. Spring Snow Cover Extent

Northern Hemi sphe re Snow Cove Anomalies
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e 2-decade pattern in
below average boreal T
spring snow cover extent e iy
continued

Provided by Rutgers Univ. Snow Lab
e Snow extent below average in 17 of past 20 springs
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ANNUAL NUMBER OF FROST DAYS
TRENDS |N1gfﬁgggk DECADE

Significance
>90% *
> 95% **
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CHANGE IN FROST-FREE LENGTH
DAYS PER DECADE
1948-1999
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FAIRBANKS, BONANZA CREEK, 1930-2003

Mean annual ground temperatures
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Global Sea Level Changes
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Simulated annual global mean surface temperatures

(a) Natural (b) Anthropogenic
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Maximum Temperature, B1 (low GHG) Scenario
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Maximum Temperature, A2 (High GHG) Scenario
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Anomaly (mm)

Global Annual Land Precipitation Anomalies

80
i (1981-2000 Base Period Means)
60 -
40 |.| .
) I [
20 . /.u II Ja | 1
: PN,
- \val | O\
0 - . A l.Jk'tﬂ“ﬂ Lmﬂhnqﬁ;
] ’ \ il FA
: |||r|" ” ||
4 ] I \
-20 Ju "
1 [ GHCN Annual Anomaly
40 - —— GHCN Smoothed
] — PREC/L Smoothed
§ —— GPCP Smoothed
-60 - —— GPCC VasClim Smoothed
] CRU Smoothed
] —— GPCC v.3 Smoothed
-80 —frrrrrrrr T RERRRRREE T T T RERRERERER RERRRERRE T R T
1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000

Year

i =

¢ %

Ed £

H H

3 g
o

S o
% &
s &
ey o <O




Trend in Annual PRCP, 1901 to 2004
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Decadal trend (days) 1951-2003

Cold nights

E

1970 1980
Warm nights

1990 2000

a0

Cold days

1970 1980 1990

Warm days

1960 2000

e

1980 1990 2000

-6 -3

Days

1960

1970 1980 1990 2000

3 6

From Alexander 2005 -\



Regions where disproportionate changes in heavy and very
heavy precipitation occurred compared to the mean

(first half of 20 ™ century to present)

from Easterling et al. 2000




Trend per % decade 1951-2003 contribution from very wet days
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.} Atantic Tropical Cyclones

(
4y * Active season has been attributed to:

= Century scale trend in sea surface temperatures
contributing to anomalous warmth in Atlantic and
Gulf of Mexico

= Active phase of multi-decadal oscillation

JAS Ave 20N—-35N, 100W-—-80W

Recent research points
to link between warming_ -+
ocean temperatures anc< ..
frequency of strongest & _..|
tropical cyclones --- BUT .
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Jul-Sep SSTs in Gulf of Mexico
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Billion Dollar Disasters
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How significant are the uncertainties?

v’ State and Forcings Variables

= Few have quantitative confidence intervals (CIs) (including time-
dependent biases) e.g., global surface temperature, CO,

= Most Cls do not include
time-dependent biases

= For many, Cls are uncertain _g

or unknown Te

£8

£e

82

v Why? Gl

= Examples provide numerous
Insights into observing and
data system deficiencies
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Observing and Data System Deficiencies

v Issues with Surface-based observations
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Observing and Data System Deficiencies

v Urban Heat Island Effects

v Land use vs temperature
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Summar

e Has it warmed?

— Global temperatures have warmed aboui@./
since the late 1800s.

— Tropospheric temperatures since 1979 now
show warming consistent with surface.

— Warming since 1970s ®Q per decade.

— Other evidence
e Sea Ice decrease
e SNoOw cover decrease

 Changes in frost days and days exceeding other
thresholds




Summar

e Has precipitation changed?

— Global precipitation appears to have increased
since the late 1800s.

— Other evidence
« Heavy dalily precipitation shows signs of increase.

e Confidence?
o Greatest In temperature changes
e Less in precipitation changes.




Summar

e Hurricanes?
— We have entered a more active phase
— Atlantic Multi-decadal Oscillation
— Is there some Global Warming contribution?




The End




Backup Slides




Trend in Annual TMEAN, 1979 to 2004
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Radiative Forcings
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Climate forcing in the past 50 years due to six mechanisms (GHGs = long-lived
greenhouse gases). The tropospheric aerosol forcing is very uncertain




Global Temperature Change vs CO , Change
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1000-Year NH Temperature Record
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Past Climate From Borehole Records

Temperature Reconstruction from North American

i (8]
16 borehole temperature 5 | _ Borehples: Sites Noxth ol as™ N
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to create a temperature
reconstruction for High
Latitude North America
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Abrupt Climate Change

e \What Is It?
Mechanistic definition

— Transition of the climate system into a different
state (of temperature, rainfall, and other
aspects) on a time scale that Is faster than the
responsible forcing.

Impacts based definition

— Change of the climate system that is faster than
the adaptation time of social and/or ecosystems.
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Temperature- Degrees Celsius

Abrupt Climate Change

GISPZ Ice Core Temperature and Accumulation Data
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Abrupt Climate Change

Mexican Paleoclimate and Civilization Collapse
Surprises in the climate system

Classic Maya
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Abrupt Climate Change

e \What about future abrupt change?

—One scenario, shutdown of the North
Atlantic Thermohaline Circulation.



Abrupt Climate Chanc
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Temperature (° )

Central Greenland: GISP2
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Minimum Temperature, B1 (low GHG) Scenario
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Minimum Temperature, A2 (High GHG) Scenario
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Changes in the Hydrologic Cycle

(d Global heating - - - accelerated land surface dryinga  nd more water in
the atmosphere

" |ncreased severity of droughts
" |ncreased risk of heavy and extreme precipitation events

- Even with no change in total precipitation
- Even stronger when precipitation increases

Observed climatology of daily precipitation Intensi ty (as a percentage of seasonal
totals) as a function of observed mean temperature based on 100 worldwide stations
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Tropical Storms, Hurricanes and Major Hurricanes
Atlantic Basin
T
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— 7 named U.S. landfalling storms (Tietf)2vith 8" (Ophelia)

brushing N.C. coast
* Record 8 landfalling in 1916 and 2004

— Lowest central pressure for Atlantic Hurricane
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